onstrictive pericarditis, an uncommon disease, is a chronic fibrous thickening of the pericardium that prevents the normal diastolic filling of the heart. Surgery is the only satisfactory treatment. Many factors associated with the development of constrictive pericarditis have been identified, such as infection, post heart surgery, post mediastinal irradiation, but in Western countries the spectrum of etiology has shifted from infection, especially Mycobacterium tuberculosis (Tb), to post heart surgery, although idiopathic causes still predominate. [1] [2] [3] [4] In endemic areas, however, Tb remains the most common cause of constrictive pericarditis. 5, 6 Thirteen years experience of constrictive pericarditis patients who underwent total pericardiectomy in a university hospital located in a rural area of Taiwan were reviewed and the clinical characteristics, especially the etiological spectrum, and operative approach were analyzed.
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Methods
We retrospectively analyzed the characteristics of 23 patients (19 males, 4 females, age range 25-65 years) who underwent total pericardiectomy for constrictive pericarditis between January 1990 and December 2003. Constrictive pericarditis was diagnosed by chest roentgenography (calcified pericardium), computed tomography scan (thickened pericardium and/or pleural effusion), 7 and confirmed by cardiac catheterization (elevated end-diastolic pressure and classic "square root sign" of right ventricular pressure tracing). 8, 9 The etiological factors evaluated included underlying diseases, microbiological culture results, and histopathological findings. Tubercular pericarditis was diagnosed if the histopathological section of pericardium showed the granulomatous changes of Tb. Table 1 shows the clinical characteristics of the study group prior to operation. The most common symptoms were exertional dyspnea (96%), jugular vein distension (96%), hepatomegaly (70%), general fatigue (65%), peripheral edema (65%), and ascites (52%). Pathogens isolated in 11 patients (48%) were Tb in 8 patients (35%) and streptococcus in 2 patients (9%); 1 patient had strongyloidiasis (4%). Underlying conditions were connective tissue disease in 3 (13%), post myocardial infarction in 1 (4%), previous heart surgery in 2 (9%) and idiopathic etiology in 6 patients (26%). All patients underwent pericardiectomy within 1 week of diagnosis. The first 3 patients underwent left anterolateral thoracotomy plus transsternal extension, but median sternotomy was performed in the other 20 patients because the third patient died from a tear in the inferior vena cava during operation. Cardiopulmonary bypass was not used during surgery, except for 1 patient who had concomitant aortic valve replacement for combined aortic stenosisinfective endocarditis; that patient died of streptococcal endocarditis 30 days after surgery. The in-hospital mortality was 8.7%. After the operation, all surviving patients had supraventricular premature contractions and premature ventricular contractions, which responded well to antiarrhythmic agents and the symptoms and signs of heart failure improved dramatically. None of the patients had recurrence of heart failure after discharge. The patients with Tb constrictive pericarditis underwent 6 months administration of antituberculosis agents.
Results
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Discussion
Constrictive pericarditis is a chronic fibrous thickening of the pericardium that prevents the diastolic filling of the heart, reducing venous return and lowering output. These hemodynamic abnormalities appear clinically as exertional dyspnea, fatigue, peripheral edema, jugular vein distension, hepatomegaly, and ascites.
The most common cause of constrictive pericarditis in Western countries was Tb, but with the advent of antituberculosis therapy, this etiology has decreased in importance, [1] [2] [3] [4] except in endemic areas where it remains the most common cause of constrictive pericarditis. 5, 6 Instead, the number of cases of post heart surgery constrictive pericarditis has increased 2-4 and factors associated with the development of constrictive pericarditis following surgery include postoperative sternal wound infection, pericardial contamination with the irrigating agent (notably povidone iodine and iced saline slush), air-drying postoperative hemopericardium [10] [11] [12] [13] and insertion of a pericardial substitute. 14 None of the patients in this study had postoperative hemopericardium or was flushed with iodine solution. Two of the patients developed constrictive pericarditis after insertion of Marlex mesh as a pericardial substitute 14 after mitral valve surgery, 10 months and 12 months earlier, respectively, at other institutions. During the operation, we found that the Marlex mesh facilitated the opening of the sternum because of a tissue-free space between the sternum and the pericardial substitute. The Marlex mesh could be easily removed, but the tissue reaction around the heart was tremendous and had led to the development of dense fibrous tissue that was strongly adhered to the underlying epicardium and had even penetrated the myocardium, causing constrictive pericarditis.
In this study, the 2 leading causes of constrictive pericarditis were infection (48%) and idiopathic (26%), which differs from most other reported studies in which the primary causes were idiopathic (33-46%) and post heart surgery (18-37%). Infectious etiology has decreased from 6% to 3% in the past decades. [2] [3] [4] Constrictive pericarditis caused by an infection occurred in 11 of the 23 patients: 8 had Tb infection, 2 had streptococcal infection, and 1 was infected with Strongyloides stercoralis (SS).
Strongyloidiasis is common in Taiwan's subtropical climate. The parasite feeds on human and non-human primate hosts, and generally causes a benign cutaneous and/or gastrointestinal infection. One patient in this series, whose condition has been previously reported, 15 had SS infection with bloody pericardial effusion, which later developed into constrictive pericarditis requiring total pericardiectomy. According to the Center for Disease Control in Taiwan, 16 the prevalence of Tb cases has increased dramatically during the period from 1990 to 2001, which may explain why Tb was a major cause of constrictive pericarditis in this study. However, none of the 8 affected patients had prior symptoms and signs of Tb and their chest roentgenography did not show typical lesions; therefore, the route of infection is unclear. Two patients had streptococcal constrictive pericarditis, although bacterial pericarditis usually manifests as an acute illness. One patient also had a streptococcal lung abscess and the other had concomitant streptococcal infective endocarditis, so the constrictive pericarditis might be a secondary manifestation.
The 2 most frequently used operative approaches for the treatment of constrictive pericarditis are left anterolateral or median sternotomy. 17 It is difficult to remove the pericardium overlying the thin-walled right atrium and vena cava by left anterolateral thoracotomy, although this method gives good exposure and releases the left ventricle. We performed left anterolateral thoracotomy followed by transsternal extension in the first 3 patients of this series, but 1 patient died from a tear in the inferior vena cava during operation. Therefore, median sternotomy was used in the other 20 patients and provided good operative exposure, as reported by Bozluga et al. 18 Copeland et al first reported the use of the cardiopulmonary bypass for pericardiectomy 19 and Tominaga et al reported that pericardiectomy using cardiopulmonary bypass was a safe method for removing calcified pericardium. 20 However, we did not use cardiopulmonary bypass except in 1 patient who underwent concomitant aortic valve replacement.
In conclusion, pericardiectomy is the treatment of choice for constrictive pericarditis and has a low mortality rate. The median sternotomy approach provides good exposure for complete pericardial resection and in this series cardiopulmonary bypass was not used routinely. Infection, mainly Tb, was the major cause of constrictive pericarditis and in endemic areas particularly, this etiology should be taken into consideration in diagnostic surveys. 
